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摘  要 
I 











异基因和蛋白。在转录水平上，运用随机引物 PCR 技术（Random arbitrarily primed 
PCR，RAP-PCR)，在筛选到的 14 个差异片段中，我们选取了 5 个差异片段进一步用
Northern blot 进行验证，其中有 3 个差异基因证实在转录水平上存在着表达差异。利
用噬菌体感染和未感染嗜热菌，进行 SDS-PAGE 及双向电泳分析，对差异蛋白条带
和点进行质谱鉴定，通过蛋白质组学分析，共有 17 种差异蛋白被发现。对差异表达
蛋白相应的基因进行标记，采用 Northern blot 检测基因转录量，有 17 个差异蛋白被
证实与蛋白电泳图谱结果一致。在总计 20 个差异基因中，其中有 13 个表现为上调表
达，7 个表现为下调表达，这些基因主要涉及宿主的能量代谢和转录调控等方面。 
从 20 个基因中选择天冬氨酸转氨酶（AST）进行基因功能研究，利用基因插入
失活手段将编码耐高温卡那霉素的基因插入 AST 基因中间，构建 AST 突变株。
Real-time 分析结果表明，AST 与噬菌体的感染有关。为了了解这些蛋白通过何种途
径参与噬菌体感染，本文选用 AST 进一步进行蛋白质互作研究。采用免疫共沉淀技
术，从 Geobacillus sp. E263 中获得与其结合的蛋白，经质谱鉴定为分子伴侣蛋白，利
用细菌双杂交系统验证，结果显示，AST 和分子伴侣蛋白存在相互作用。 
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生存不可缺少的一种蛋白，由于其在分子生物学以及分析技术中的多种用途，引起了
越来越多的关注。在本试验中，一个新的 SSB 蛋白首次被从深海嗜热噬菌体 GVE2
中鉴定，该 SSB 蛋白与其它种类的 SSB 蛋白具有很大的相似性。以噬菌体 GVE2 基
因组为模版，克隆了 SSB 基因，并在 E. coli,中进行 SSB 蛋白的表达和纯化，制备了
抗体。Northern blot 和 Western blot 分析结果显示，该 SSB 蛋白的基因是噬菌体
GVE2 体内的一个早期基因。通过与单链 DNA 的结合试验表明，经过重组的 SSB 蛋
白具有结合单链 DNA 的能力。 
此外，本研究还利用深海热液区样品，分离嗜热菌及产电细菌。首次从大西洋深
海热液口筛选到一株依靠发酵可以产电的细菌，根据 16S rDNA 序列分析的结果，该
株产电细菌被命名为 Shewanella sp. DS1，其生长 适温度和 适 PH 值分别为 30°C 
和 6.5。研究结果表明，该株产电细菌的产电能力随着培养时间而增加，在 15 小时左




















With the discovery of deep-sea hydrothermal vents and their attendant communities in 
1977, researches on hydrothermal vent communities have become attractive interests in the 
field of oceanography and biology. Deep-sea microbes are the important components of 
geobiological system. They have received more and more intensive attentions as their 
importance in the research and application in ecology, resources, environments, and so on. 
Thesethermophiles which live in vent sites may light the way to the development of new 
drugs, industrial processes, and other products useful to us all. In recent years, it is found 
that viruses play important roles in controling the existence of vent biological communities. 
The viruses infecting vent archeaon vents have been reported at present, but the bacterial 
viruses (bacteriophages) are seldom studied. Studies on thermophilic bacteriophage 
suggest that bacteriophages are not only helpful for understanding the control of 
hydrothermal vent biological communities, but also of great potential for exploring the 
origin of life. Therefore, this investigation explores the molecular mechanism relationship 
between thermophilic bacteria with its phage on the basis of our previous studies. 
In this investigation, the thermophilic bacteriophage GVE2 was obtained from a 
thermophilic bacterium isolated from deep-sea hydrothermal field in east pacific. Infection 
mechanism was analysed at the levels of transcription and expression. Random arbitrarily 
primed PCR (RAP-PCR) was used to isolate and identify differentially expressed genes. 14 
differential cDNA fragments in total were screened. Five different cDNAs were analyzed 
by Northern blot, among which 3 were confirmed to be differentially expressed at the 
transcriptional level. The 17 differentially expressed proteins as revealed by SDS-PAGE 
and 2-D electrophoresis were subjected to mass spectrometry. Northern blots indicated that 
the 17 genes were up-regulated or down-regulated after phage infection, which were 
consistent with those of protein electrophoresis. 20 differential genes in total were obtained, 
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studies revealed differential genes and proteins related to bacteriophage infection for the 
first time. These genes and proteins were proteins involved in energy metabolism, 
regulatory adaptive response, matter and energy transportation and so on. 
AST mutant was constructed by inserting a karnamycin-resistant gene which encoded 
thernal-stable karnamycin. Real-time PCR revealed that the GVE2 copies in AST mutant 
decreased evidently suggesting that AST might play an important role in host immune 
response against bacteriophage infection. Based on co-immunoprecipitation with AST 
antibody, chaperonin GroEL was found to interact with AST. The interaction between AST 
and chaperonin GroEL was confirmed by bacterial two-hybrid system. 
Single-stranded DNA-binding (SSB) proteins were studied in this paper. SSB proteins 
are indispensable for survival of almost all known living organisms. Due to their numerous 
applications in diverse molecular biology and analytical methods, SSB proteins have 
received increasing research interest. In this investigation, a novel SSB gene was identified 
from a deep-sea thermophilic bacteriophage Geobacillus virus E2 (GVE2) for the first time. 
The GVE2 SSB protein shared homologies to known SSB proteins from other species. 
After recombinant expression in E. coli, the purified SSB protein was used for antibody 
preparation. The Northern and Western blots showed that the GVE2 SSB gene might be an 
early viral gene. As revealed by DNA binding assay, the recombinant GVE2 SSB protein 
had single-stranded DNA binding capacity. 
In this investigation, a bacterial isolate capable of producing electric current during 
fermentation processes was obtained from a deep-sea hydrothermal field in Atlantic for the 
first time. The strain, assigned to Shewanella sp. DS1 based on its 16 S rDNA sequence 
analysis, grew at the optimum temperature of 30°C and the optimum pH 6.5. The results 
showed that the electric current generated by the strain increased during the first few hours, 
and eventually reached the maximum (0.29 mA) at about 15 hours after inoculation. The 
electric current, however, decreased slowly with time increase.  







































































洋中脊上均有发现[11]。到目前为止,人类已发现 215 处现代海底热液喷溢区，包括 145
个已探知的(实地证实的)和 70 个推测的(观测到热液柱,而未实地确认的)。数据表明,
海底热液喷溢活动点的分布极不均匀,其中太平洋内分布 多(为 140 个)，大西洋次之
(为 44 个)， 近在北冰洋发现 9 个异常点,其余海域分布相对较少[11]。现代海底热液
活动区主要出现在构造活动的部位，即大洋中脊、弧后盆地和板内火山，主要分布在
40°N 和 40°S 中、低纬度带之间。热液区深度变化较大，多数位于 2000～2800m
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